Background/Aims: T-cell acute lymphoblastic leukemia (T-ALL) is an uncommon, aggressive malignancy that rarely presents in the skin and is generally not considered as part of the differential diagnosis by dermatologists and dermatopathologists. We describe an unusual case of T-ALL presenting with folliculocentric, erythematous papules on the face, histologically resembling mycosis fungoides (MF). Immunostaining for terminal deoxynucleotidyl transferase (TdT) was positive in tumor cells, supporting the diagnosis of cutaneous involvement by T-ALL. TdT is a nuclear enzyme expressed by immature lymphoid malignancies, but the expression pattern of this marker is not well characterized in the skin. We aimed to assess TdT staining in skin biopsies with similar-appearing lymphocytic infiltrates. Methods: We evaluated the immunostaining profile of TdT in a cohort of 23 patients, including 13 cases of MF and 10 cases of spongiotic dermatitis. Results: The lymphocytes in the MF and spongiotic dermatitis cases lacked nuclear staining for TdT. Nonspecific, granular, cytoplasmic staining was observed in a small number of background cells. Conclusions: TdT may assist dermatopathologists in discriminating malignant infiltrates of T-ALL from other conditions.
Introduction
Acute lymphoblastic leukemia (ALL) is a malignant expansion of lymphoblasts in the bone marrow, blood, and extramedullary tissues [1] . Leukemic cell infiltration of the skin (i.e., leukemia cutis) typically occurs after the diagnosis of leukemia and may precede the appearance of leukemic blasts in the peripheral blood [2] . Lymphocytic infiltrates in the skin, both malignant and benign, can have overlapping clinical and histological features, presenting a diagnostic challenge.
Terminal deoxynucleotidyl transferase (TdT) is a nuclear enzyme that polymerizes deoxynucleoside triphosphate commonly expressed in immature, pre-B and pre-T lymphoid cells [3] . TdT staining is positive in both B-and T-cell ALL (T-ALL), making it helpful in differentiating ALL from mature lymphoid malignancies [4, 5] . TdT is not commonly used by dermatopathologists, and its staining pattern in inflamed skin is poorly characterized [6] [7] [8] .
We present a novel case of T-ALL-associated leukemia cutis presenting with facial nodules and histological epidermotropism with folliculotropism reminiscent of mycosis fungoides (MF). TdT immunostaining was positive in tumor cells, helping to establish the final diagnosis. This case prompted us to investigate whether TdT immunostaining reliably discriminates T-ALL from MF and other skin conditions with overlapping histological features.
Index Case
A 78-year-old Caucasian male with a history of psoriasis and psoriatic arthritis treated with etanercept presented with a 1-month history of multiple, folliculocentric, erythematous papules on the head and neck (Fig. 1 ). The papules originated on the right temple and were unresponsive to a month of doxycycline. He was then referred for further evaluation. A 4-mm punch biopsy from the neck was performed. Routine hematoxylin and eosin staining revealed a moderately spongiotic epidermis with monotonous, mature-appearing lymphoid cells infiltrating the epidermis and dermis ( Fig. 2a ) with a dense perifollicular infiltrate of atypical lymphoid cells ( Fig. 2b ). There were also areas of nodular and sheet-like aggregates of slightly enlarged monotonous, mononuclear lymphoid cells with scattered neutrophils. Immunohistochemical staining for CD3, CD4, CD5, CD8, CD20, CD30, and TdT was performed and demonstrated a predominantly CD4+ T-cell infiltrate that was CD5+ and largely negative for CD3 and CD8. The CD30 and CD20 stains were negative in the atypical infiltrate. TdT by immunohistochemistry subsequently revealed strong nuclear staining in 20-25% of the lymphoid cells ( Fig. 2c) . A peripheral blood smear revealed 49% atypical mononuclear lymphoid cells. A bone marrow biopsy and immunophenotyping by flow cytometry demonstrated 63% lymphoid blasts of T-cell lineage that were CD34+, TdT+, CD5+, and CD3-, which was consistent with a diagnosis of T-ALL. Flow cytometry of peripheral blood displayed 58% T lymphoblasts, of which 44% were positive for TdT. The patient was treated with modified hyper-CVAD (cyclophosphamide, vincristine, doxorubicin/Adriamycin, and dexamethasone) but unfortunately died 7 months later due to complications of fungal pneumonia and congestive heart failure.
Materials and Methods
As a result of this case, our research team sought out to evaluate the TdT staining pattern of inflammatory conditions that can mimic T-ALL, such as MF and inflammatory skin conditions with predominant lymphocytic infiltrates of the skin. This project was approved by the Institutional Review Board at the University of Utah (IRB_0076927). Clinical information was obtained from patient charts and pathology requisition forms. We identified 23 cases with inflammatory skin conditions for comparison with our index T-ALL case. This comparison group was composed of 13 patients with MF and 10 with spongiotic dermatitis. Prior to immunostaining, these comparison cases were selected by their overlapping histological features with our index case. Formalin-fixed slides were stained using a rabbit polyclonal anti-human TdT antibody, dilution 1: 20 (SuperTech). Blinded randomized review of the 24 total slides was performed individually by select authors (J.J.C., J.E.H.), including a dermatopathologist (D.A.W.) and hematopathologist (R.R.M.), and then finalized by consensus review. TdT staining was evaluated for cell type stained, pattern of staining (i.e., nuclear, cytoplasmic, granular, or nonspecific background signal), and estimated percentage of positive-staining lymphocytes.
Results
Of the 24 TdT-stained slides (Table 1) , only the index case of T-ALL demonstrated strong nuclear staining of lesional lymphocytes (Fig. 2c ). Lymphocytes in the 13 cases of MF and 10 cases of spongiotic dermatitis were largely negative for TdT with fewer than 5% of cells having nuclear staining (online suppl. Fig. S1a ; for all online suppl. material, see www.karger.com/doi/10.1159/000501581). Four cases of MF and 1 case of subacute spongiotic dermatitis with eosinophils demonstrated nuclear staining of rare, small mononuclear cells (online suppl. Fig. S1b ). All cases exhibited occasional granular cytoplasmic staining of background cells (online suppl. Fig. S1c ). These cells were located in the dermis and exhibited granular cytoplasmic staining that highlighted their spindle shape. Only the index case displayed strong positive nuclear staining of lymphocytes in the epidermal and dermal infiltrate. Discussion T-ALL is rare in the elderly population and has an incidence rate of 6.8/1,000,000 persons in the USA with a median age at diagnosis of 15 years [9] . Leukemia cutis is typically seen in myeloid or mature lymphoid malignances and is estimated to occur in only 1-3% of T-and B-cell ALL cases [10] . Most cases of T-ALL presenting with leukemia cutis have occurred in children or adolescents [10] [11] [12] [13] [14] . Previously described cases have demonstrated erythematous macular, papular, nodular, and plaque lesions with dense lymphoid infiltrates involving the epidermis and dermis including perivascular and periadnexal structures. Our case is an exceptional example of T-ALL presenting in the skin of an elderly adult with a histological pattern resembling MF, a far more common and less aggressive neoplasm of T cells [6] . To date, prior cases of T-ALL-associated leukemia cutis presenting in advanced age with epidermotropism and folliculotropism mimicking MF have not been reported.
TdT is a specialized DNA polymerase found in immature pre-B and pre-T lymphoid cells. Early investigations into the expression of this enzyme showed that TdT was one of the earliest features of cells undergoing thymus-dependent development, with loss prior to the final maturation of lymphocytes [15] . TdT staining is widely used in hematopathology, and TdT positivity has been documented in blastic natural killer cell and T and B lymphoblastic lymphoma/ leukemia [6] , Merkel cell carcinoma [16] , and lung carcinoma [17] . The index case of leukemia cutis was comprised of large immature lymphocytes with loose chromatin and strong, coarse nuclear staining with TdT. In contrast, the neoplastic cells in MF express a mature memory T-cell phenotype, with positivity for CD3, CD4, CD4RO, and negativity for CD8 and TdT [7, 18] . Table 1 documents the TdT staining pattern found in 23 skin biopsy specimens with inflammatory infiltrates similar to that seen in our index case. All cases showed focal granular cytoplasmic staining of background cells, which appears to be nonspecific labeling, as these cells did not have characteristic nuclear staining. We favor these to be stromal fibroblasts, histiocytes, or dendrocytes based on their size, shape, and location in the dermis. In addition, 6 of 24 cases displayed rare nuclear TdT staining of small cells presumed to be mononuclear stromal dendritic cells. While we cannot exclude the possibility that these cells are lymphocytes, we believe that this is less likely as they are easily distinguished from the TdT-positive and -negative lymphocytes in our index case by morphology, and small numbers of these cells do not seem to impact the diagnostic utility of the stain.
Limitations of our study include a small cohort and, due to the rarity of cutaneous T-ALL, an isolated index case. In addition, only 25% of T-ALL lymphocytes stained positive for TdT. This is partly explained by the presence of partially mature subpopulations of tumor cells that were negative for TdT by flow cytometry, which is known to occur in some cases [19] . Given the limited availability of tissue for this case, we were unable to assess different immunostain preparations or concentrations. Finally, the nonspecific staining requires detailed interpretation that can be challenging for pathologists lacking experience in interpreting this marker.
In summary, we present an exceptional case of T-ALL with leukemia cutis and histological features similar to MF in which TdT immunostaining was used to establish the clinical diagnosis. We then evaluated TdT staining in similar lymphocytic infiltrates that can mimic ALL and conclude that TdT may have diagnostic utility to assist dermatopathologists in discriminating ALL from other conditions when overlapping histological features are present. The presence of TdT expression in cutaneous lymphoid infiltrates should trigger the clinician to evaluate the peripheral blood and/or bone marrow to exclude the rare but aggressive malignancy of T-ALL. Further studies investigating the expression of TdT immunostaining in the skin may prove valuable to pathologists seeking to discriminate ALL from other malignant and inflammatory skin diseases. 
